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The Effect of Global versus Local Viewing Conditions on the Accuracy
and Response Time of Stereopsis Perception
Abstract
PURPOSE: To determine how various viewing conditions affect the accuracy and response time of the
perception of stereopsis. Based on prior research findings, three specific hypotheses have been formulated
relative to the main research question: (1) Stereopsis threshold (accuracy) and efficiency (response time in
step-vergence) will be best for 3D-viewing conditions containing only local cues to fusion, intermediate for
viewing conditions containing a combination of global and local cues, and worst for the viewing conditions
containing only global cues. (2) Subjects with a lower (better) Titmus Stereoacuity threshold at 40cm will
have faster response times and better accuracy on all three types of stereo tests than subjects with a worse
stereoacuity. (3) Subjects with a lower Distance Randot stereoacuity threshold at 3m will have faster response
times and better accuracy on all three types of stereo tests than subjects with a worse stereoacuity.
METHODS: Ninety adult subjects (ages 19-43) with 120 arc seconds of near stereoacuity or better were
recruited. Individual stereoscopic threshold and step-vergence efficiency were measured under three different
testing conditions: Blank background Stereogram (BBS), Random Dot Stereogram (RDS), and Random Dot
with Reference Frame Stereogram (RDRFS) for each subject. These tests were developed at the Vision
Performance Institute and will hereafter by referred as the VPI Stereo Tests. The derived stereoacuity
thresholds were also compared to the traditional clinical standard, the Titmus Stereo Test (for near viewing)
and the Distance Randot Stereo Test (for far viewing). RESULTS: Mean stereoacuity threshold performance
achieved was lowest (best) for the Titmus Stereo Test, intermediate for the VPI Stereo Tests (BBS < RDS <
RDRFS), and highest (worst) for the Distance Randot Stereo Test. The majority of the subjects provided
verbal feedback that RDRFS was easier to perform than RDS on both the stereoacuity and the step-vergence
tasks. Step-vergence performance resulted in the fastest response time for BBS, intermediate response time for
RDRFS, and the slowest response time for RDS. Response time was found to be faster when responding to
visual stimuli exhibiting crossed disparity, and slower with uncrossed disparity. The majority of subjects
responded fastest to the smallest amounts of disparity demand (20 pixels, 651 arc sec) and slowest to the
largest amounts of disparity demand (80 pixels, 2604 arc sec). Threshold stereoacuity performance on both
the Titmus Stereo Test and the Distance Randot Stereo Test was not predictive of accuracy or response time
performance on any of the VPI Stereo Tests. CONCLUSIONS: Using the VPI Stereo Tests, the effects of local
and global cues on stereopsis were compared directly. Threshold stereo acuity and vergence efficiency with
local cues were better than with global cues. The distance measures of stereoacuity with VPI Stereo Tests are
comparable with the near-viewing stereoacuity measured with the Titmus Stereo Test, which is considered the
traditional clinical standard. The VPI Stereo Tests are more sensitive at assessing fusion ability than the
Distance Randot Stereo Test, which is one distance-viewing stereo test currently on the market. Future studies
should explore the comparison between the Titmus Stereo Test and the VPI Stereo Tests using manipulated
viewing distance to lower the threshold scale via a population with normal binocular vision.
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ABSTRACT 
 
PURPOSE: To determine how various viewing conditions affect the accuracy and response time of the 
perception of stereopsis.  Based on prior research findings, three specific hypotheses have been 
formulated relative to the main research question:  
(1) Stereopsis threshold (accuracy) and efficiency (response time in step-vergence) will be best for 3D-
viewing conditions containing only local cues to fusion, intermediate for viewing conditions containing a 
combination of global and local cues, and worst for the viewing conditions containing only global cues.  
(2) Subjects with a lower (better) Titmus Stereoacuity threshold at 40cm will have faster response times 
and better accuracy on all three types of stereo tests than subjects with a worse stereoacuity.  
(3) Subjects with a lower Distance Randot stereoacuity threshold at 3m will have faster response times 
and better accuracy on all three types of stereo tests than subjects with a worse stereoacuity. 
 
METHODS: Ninety adult subjects (ages 19-43) with 120 arc seconds of near stereoacuity or better were 
recruited. Individual stereoscopic threshold and step-vergence efficiency were measured under three 
different testing conditions: Blank background Stereogram (BBS), Random Dot Stereogram (RDS), and 
Random Dot with Reference Frame Stereogram (RDRFS) for each subject. These tests were developed at 
the Vision Performance Institute and will hereafter by referred as the VPI Stereo Tests. The derived 
stereoacuity thresholds were also compared to the traditional clinical standard, the Titmus Stereo Test 
(for near viewing) and the Distance Randot Stereo Test (for far viewing). 
 
RESULTS: Mean stereoacuity threshold performance achieved was lowest (best) for the Titmus Stereo 
Test, intermediate for the VPI Stereo Tests (BBS < RDS < RDRFS), and highest (worst) for the Distance 
Randot Stereo Test. The majority of the subjects provided verbal feedback that RDRFS was easier to 
perform than RDS on both the stereoacuity and the step-vergence tasks. Step-vergence performance 
resulted in the fastest response time for BBS, intermediate response time for RDRFS, and the slowest 
response time for RDS. Response time was found to be faster when responding to visual stimuli 
exhibiting crossed disparity, and slower with uncrossed disparity. The majority of subjects responded 
fastest to the smallest amounts of disparity demand (20 pixels, 651 arc sec) and slowest to the largest 
amounts of disparity demand (80 pixels, 2604 arc sec). Threshold stereoacuity performance on both the 
Titmus Stereo Test and the Distance Randot Stereo Test was not predictive of accuracy or response time 
performance on any of the VPI Stereo Tests. 
 
CONCLUSIONS: Using the VPI Stereo Tests, the effects of local and global cues on stereopsis were 
compared directly. Threshold stereo acuity and vergence efficiency with local cues were better than 
with global cues. The distance measures of stereoacuity with VPI Stereo Tests are comparable with the 
near-viewing stereoacuity measured with the Titmus Stereo Test, which is considered the traditional 
clinical standard. The VPI Stereo Tests are more sensitive at assessing fusion ability than the Distance 
Randot Stereo Test, which is one distance-viewing stereo test currently on the market. Future studies 
should explore the comparison between the Titmus Stereo Test and the VPI Stereo Tests using 
manipulated viewing distance to lower the threshold scale via a population with normal binocular vision. 
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These tests should then be repeated to assess their sensitivity on a population with binocular visual 
dysfunctions or at different stereopsis vision development stages.  
 
KEYWORDS: Stereopsis, Stereoscopic, Stereoacuity, Step vergence, Accuracy, Response Time, Global, 
Local, Titmus Stereo Test (TSA), Distance Randot Stereo Test (DRST), Vision Performance Institute Stereo 
Tests (BBS, RDS, RDRFS) 
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INTRODUCTION 
 
Local vs. Global Stereopsis 
 
Stereopsis is the ability to neurologically integrate and fuse two horizontally disparate retinal images, 
producing a sensation of depth. This binocular depth perception is the highest level of binocular sensory 
cooperation (Read, 2005), allowing us to see the world in three dimensions and to recognize the relative 
locations among visual objects in all directions. The perception of depth is accomplished with binocular 
disparity, which is the positional difference between two retinal images generated by the two eyes. It 
gives the angular difference between two retinal corresponding points for convergence and provides 
information needed for binocular fusion.  
 
Stereopsis can be divided into two levels of fusional ability, known as local and global stereopsis. Local, 
or contour, stereopsis involves matching similar features or contours on the two monocular images over 
a smaller area of the retina. The relative locations of these monocular features are used to determine 
the disparity between the two monocular views without referencing other parts of the retinal field. Four 
types of monocular depth cues that often used to support local stereopsis are: motion parallax, 
accommodation, angular declination, and pictorial cues (Schwartz 2009). These monocular features or 
contours are obvious to each eye; even their relationships in depth may be perceived from a single 
retinal image, such as via relative size, linear perspective, texture, interposition, clarity, lighting, and 
shadow, etc. (Fischmeister and Bauer, 2006).  
 
The question then arises whether the brain must perceive these features or contours on each retina and 
compare them before deriving a sense of depth. This question was answered by Julesz’s invention of the 
random dot stereogram (Julesz, 1960, 1971). Random dot stereograms consist of pairs of random dot 
patterns that are identical except for a slight horizontal offset in the position of a subset of dots. When 
monocularly inspected, it reveals no visual forms other than random noise; however, when binocularly 
fused via higher order brain processing, the subset of dots appear at a different depth from the 
remainder. This random dot stereopsis is independent of the aforementioned monocular cues and is 
seen only in depth defined by binocular disparity (Fischmeister and Bauer, 2006). It cannot be achieved 
through locally matching the two monocular retinal images dot by dot, as there will be many false 
matches within Panum’s area; rather, the global relationship between the neighboring dots of each 
matching pair that provides the emerged pattern in stereopsis must occur prior to the recognition of the 
form. Therefore, it was termed global (or random dot) stereopsis by Julesz (1971). This means, while 
binocularity is not necessary for depth perception (in the presence of monocular depth cues), it is 
needed in order to achieve stereopsis. The capability to achieve global stereopsis through binocular 
fusion requires an individual having normal binocular vision components, including normal 
accommodation, sufficient vergence, and adequate retinal image quality, as well as the ability to 
orchestrate these components properly. Therefore, individuals with the highest stereoscopic fusional 
ability, global stereopsis, should also have other lower binocular fusional abilities (i.e., simultaneous 
perception, superimposition, and flat fusion). Individuals with global stereopsis may also be more likely 
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to have a lower (better) stereoacuity threshold than those with only local stereopsis abilities, such as 
individuals with amblyopia.  
 
Factors Affecting Stereopsis 
 
Stereopsis is a natural learned perception that is utilized by the vast majority of the general population 
for everyday activities at both near and far distances. In fact, Selwyn Super (1993) states that as many as 
95% of the population have some measurable amount of stereopsis. Simple skills such as reaching for a 
glass of water on the table without knocking it over, driving a vehicle, or appreciating 3D movies all 
require proper development of stereopsis. It is a common misperception that stereopsis ability is only 
utilized at near distances, and is not used at far distances. In reality, stereopsis is utilized at both near 
and far distances; but individuals may perceive that stereopsis is more apparent at distances closer to 
their eyes than farther away. Overall, measurement and quantification of the ability to perceive depth 
perception is largely important in the practice of optometry ranging from diagnosing binocular vision 
anomalies to prescribing the optimal prescription for a patient. Decreased stereopsis ability can arise 
from various causes; each of which can be assessed using various stereopsis tests in a clinical setting.  
 
Age is among the most common factors that contribute to increased or decreased ability to perceive 
stereoscopic depth perception. It combines effects of physiological readiness and experiences. Infants 
are not born with the ability to perceive stereopsis, but will quickly begin to develop binocular vision and 
learn how to perceive depth perception if provided with a proper learning environment (Fawcett et al, 
2004). Most humans begin binocular vision development by 4 months of age, reach adult levels of 
stereopsis ability between 9 to 20 years of age, and maintain a high level of stereopsis performance 
throughout life until age 40. The ability slowly deteriorates after age 40 (Lee and Koo, 2005). Therefore, 
expected levels of stereopsis progression and deterioration can be assessed and monitored using 
stereopsis testing. Normative data has been collected and generated across a wide range of ages for 
specific types of stereopsis tests. These data provides clinicians with a reference of expected stereopsis 
performance abilities among various age groups for each specific stereopsis test used. If a patient’s 
ability to perceive stereopsis does not meet the minimum for age-expected normative values, this will 
allow the clinician to further explore the various potential causes, such as a developmental delay, 
binocular vision problem, uncorrected refractive error, medications, age, and many more.  
 
Binocular vision anomalies are another large contributor to decreased stereopsis ability, whether they 
are present from birth or later in adulthood. Stereopsis ability can be largely decreased if a binocular 
vision problem is present early in infancy, such as amblyopia or strabismus; but the ability to recover 
stereopsis can vary depending on the type of anomaly present. Fawcett et al (2005) stated that children 
with early onset strabismus in the form of infantile esotropia have been shown to have a critical period 
of stereopsis development beginning at 2.4 months and peaking at 4.3 months. Alternately, children 
with later onset strabismus in the form of accommodative esotropia have been shown to have a critical 
period of stereopsis development beginning at 10.8 months and peaking at 20 months. It is crucial to 
identify these visual problems early on, as research has shown that recovery of stereopsis ability is vastly 
higher if the binocular vision problem is detected and treated earlier in life than later into adulthood 
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(Fawcett etc al, 2005). In relation to these children with binocular vision problems, it has been found 
that the fusional ability of stereoscopic images in strabismics can be correlated with the angle of 
deviation of their eye (Fu et al, 2006). Various clinical tests including stereopsis testing can be used to 
assess the magnitude of strabismus present via the performance results on the perceptual test. Fricke et 
al (1997) reported that random-dot stereo tests assessing global stereopsis are effective at 
differentiating patients with constant strabismus from those with normal bifoveal fixation. In addition, 
the progression of strabismus, as well as monitoring the treatment of strabismus, can be accomplished 
with assessing stereopsis ability. It has been generally agreed that young children should at least 
participate in vision screenings to detect these binocular vision anomalies at an earlier age to prevent 
permanent functional vision loss (Fricke et al, 1997). Therefore, it is crucial that accurate, efficient, and 
cost-effective stereopsis tests are developed and utilized in school settings and in clinics to screen 
children and adults alike for decreased stereopsis ability. Although the brain and visual system has been 
shown to remain plastic into adolescent years, recovery of maximal stereopsis ability is highest when 
caught early on (Fricke et al, 1997). 
 
Uncorrected refractive error or high anisometropia (4 diopters or greater of interocular difference) can 
blur the eyesight and thus diminish stereopsis capabilities (Levi et al 2011). Because normal fusional 
ability depends on optimal quality of retinal imagery, even slight prescription changes can influence 
stereopsis; especially if retinal blur occurs more in one eye (Larson and Bolduc, 1991). A prescribed lens 
can make dramatic changes, moderate changes, and subtle changes in regards to a patient’s ability to 
perceive depth perception. Stereopsis tests can be utilized to choose the proper prescription for each 
patient, whether to include prism in spectacles, a plus add at near, or a simple spherical correction. 
When deciding between two different prescriptions for a patient, the one that assists the visual system 
the most in terms of overall comfort, and that allows for better performance on a stereoacuity test, will 
more than likely provide the patient the most overall benefit. However, it has been found that 
individuals with pure anisometropia of less than 4 diopters will still retain some stereopsis ability, and 
therefore may be able to perform certain stereopsis tests within normal limits (Levi et al 2011). It is 
important for the clinician to recognize this when deciding which test to use to evaluate stereopsis 
ability. Overall, the clinical applications discussed above are only a few of many topics pertaining to the 
benefits of stereopsis tests. There are many clinical uses for stereopsis testing that are beneficial both 
for the enhancement of the field of research and the improvement of the quality of life for many 
patients. 
 
Clinical Tests of Depth Perception 
 
There are various stereopsis tests currently available that quantify stereopsis ability; all of which can be 
utilized in a clinical setting to assess and monitor sensory fusional ability in all individuals seeking vision 
care. According to Selwyn Super (1993), there are two common categories of stereograms used to 
measure depth perception ability. The first uses similar contours (in the form of local stereopsis) that 
provide monocular cues that facilitate the recognition of the symbol or form within the stereogram. The 
second does not use similar contours, and instead uses random dot patterns (in the form of global 
stereopsis) that provide no monocular cues and requires neural integration of the symbol or form higher 
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in the visual system. Using dissociating polaroid filters or other means within the stereogram itself 
allows for the perception of objects within the stereogram floating in front of the image plane of regard; 
and the larger the amount of image disparity, the more it is perceived to be displaced.  
 
Many studies pertaining to the topic of stereopsis perception have been written and reviewed in the 
past. Binocular vision and the ability to see three-dimensional figures in everyday life was noted, and 
thus inspired researchers to measure and quantify this natural ability in humans (Fischmeister and 
Bauer, 2006). Each stereopsis test has the ability to measure and quantify a person’s ability to perceive 
depth perception, and is recorded in units of arc seconds. Stereopsis tests can generally be classified as 
either contour (local) or random-dot (global) types of tests (Fricke et al, 1997). But, each stereopsis test 
has unique characteristics which sets it apart from other tests; allowing a clinician to choose the proper 
test according to the parameter they desire to measure. A few of the more common types of stereopsis 
tests will be discussed according to the particularly unique aspects of the test itself as well as its general 
use in an optometric or research setting.  
 
The Titmus Stereo Test is used most frequently in clinics for screening or quantification of near 
stereopsis ability because it is affordable and is also easy and fast to administer. According to Fricke et al 
(1997), the right-hand portion of the test contains a “fly” target to measure very gross local stereopsis 
ability (3600 arc sec). The left-hand portion of the test contains Titmus animal targets to measure 
moderate local stereopsis (100, 200, and 400 arc sec), and nine sets of four Wirt-Dot circles to measure 
fine local stereopsis (from 800 down to 40 arc sec). The disparity is created using cross polarization, 
which requires patients to wear polarized filters in order to appreciate the 3D effect. This can be 
problematic such that it may be difficult to get young children to wear the polarized glasses. It is also 
crucial that the filters are always oriented parallel to the test itself such that the patient’s head is not 
tilted or the book is not held at an angle; otherwise the 3D effect will not be fully appreciated. The 
Titmus Stereo Test assesses local stereo ability; involving monocularly visible contours. It has been noted 
by Fricke et al (1997) that the first four Wirt circles (down to 140 arc sec) contain “lateral displacement 
of the circle with disparity,” which is a non-stereoscopic cue. This can be problematic in true 
measurement of stereopsis ability such that these levels can be identified without binocular vision and 
stereopsis ability. Those who perform better than 140 arc sec on the Titmus Stereo Test require the use 
of horizontal displacement of the circle with disparity (Von Noorden et al, page 300). But because this 
test contains only local disparity, patients with strabismus or strabismic amblyopia may be able to pass a 
portion of the Titmus Stereo Test by accurately identifying the first four Wirt circles.  
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Figure 1: An example of The Titmus Stereo Test (The Fly Stereo Acuity Test with Leo Symbols, Vision Assessment Corp., IL: Elk 
Grove Village)  
 
The Frisby Stereo Test is a real-depth stereo test used for screening or quantification of threshold 
stereopsis. The test consists of one glass plate containing four squares with printed random circle 
elements in each square. Each of the squares are printed on the front of the plate, while a central 
portion of one of the squares is printed on the back of the plate to place it at a different plane of depth.  
The real-depth disparity is created by either changing the thickness of the plate or by changing the 
testing distance. Without wearing filters, the patient’s task is to choose the square containing the circle 
that is stereoscopically visible in free-space. It should be noted that the most problematic aspect of this 
test is the presence of the monocular depth cue of motion parallax, which can assist the patient in 
choosing the square containing the stereoscopic circle without using stereopsis. But, this can be 
controlled easily be restricting movement between the testing plate and the patient. According to 
Fricket et al  (1997), it seems as though children with constant strabismus are unable to detect even the 
largest disparities on the Frisby Test, but some children with anisometropic amblyopia are able to 
perform this particular test within normal limits.  
 
 
 
Figure 2: The Frisby Stereo Test (Fricke et al, 1997) 
 
The Random-Dot E Stereo Test is a stereogram containing only global cues to stereopsis, and is used for 
screening or quantification of stereopsis ability at near or intermediate distances. The test contains 
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three cards; one of which is a model of the “E” figure that can be seen monocularly, which is used to 
show the patient what should be seen within the random dot background of one of the other two cards. 
One of the two test-cards contains the stereoscopic “E” figure, which can only be seen if the patient has 
stereopsis; and the last test-card is stereoscopically blank with an identical random dot background as 
the stereoscopic “E” card. The test is performed by holding the two test cards simultaneously in front of 
the patient at a distance of 50cm, and the patient’s task is to choose the card containing the “E” stereo 
figure; obtaining either a “pass” or “fail” result (Von Noorden et al, page 302). The disparity is created 
using cross polarization, which requires patients to wear polarized filters in order to appreciate the 3D 
effect. This can lead to the same problems in children as discussed earlier with the Titmus Stereo Test. 
Because the Random-Dot E Stereo Test is very simple to perform and understand, it is often used for 
screening children and special needs populations. According to Fricke et al (1997), this test can be used 
to quantify stereopsis ability by increasing the testing distance of the cards from the patient from 1 
meter (252 arc sec) to 2 meters (126 arc sec). But, it has been shown that some patients can utilize 
monocular depth cues in the form of straight edges to pass the Random-Dot E Stereo Test. 
 
 
Figure 3: The Random-Dot E Stereo Test (Von Noorden et al, p. 301) 
 
The Randot Stereo Test contains only global cues to stereopsis, and is used for screening and threshold 
stereoacuity measures at near.  According to Fricke et al (1997), the portion on the right-hand side of 
the test contains a screening plate with a variety of random dot shapes to measure gross global 
stereopsis ability (500 to 250 arc sec). The portion on the left-hand side of the tests contains animal 
targets to measure moderate global stereopsis (100, 200, and 400 arc sec), and 10 sets of three circles to 
measure fine local stereopsis (400 down to 20 arc sec). The disparity is created using cross polarization, 
which requires patients to wear polarized filters in order to appreciate the 3D effect. This can be 
problematic in the same way as discussed prior with the Titmus Stereo Test. Although this test has 
similar test targets as the Titmus Stereo Test, it does not have the same issues with lateral displacement 
as seen in the first four Wirt-Dot test circles. In the Randot Stereo Test, the addition of the random-dot 
background and the different circle design act as a disguise of the lateral displacement of the circle 
containing the disparity. Therefore, it has been found that individuals with binocular vision problems 
cannot pass the circle portion of the Randot Stereo Test using only monocular cues. New editions of this 
test can measure local and even global stereopsis down to 12.5 arc seconds. 
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Figure 4: The Randot Stereo Test (Fricke et al, 1997) 
 
The Lang Stereo Test (version 1) and The Lang II Stereo Test (version 2) are handheld cards used only for 
screening stereopsis at near. Both versions use global stereopsis to assess the patient’s ability to see 
depth perception, and version 2 also includes a monocularly visible shape such that a patient without 
stereopsis ability will not know they have failed the test. Version 1 of the Lang Stereo Test contains 
three random-dot symbols (cat: 1200 arc sec, star and car: 600 arc sec) that are presented at a testing 
distance of 40cm. The Lang II Stereo Test is similar to version 1 with a less dense arrangement of the 
random-dots and smaller disparities. The patient’s task is simply to identify each symbol on the card. 
The disparity is created using a panographic presentation of a random-dot pattern such that no filters 
are required to be worn by the patient. This is especially useful for assessing stereopsis in younger 
populations, and version 1 can be used in children as young as 6 months of age (Von Noorden et al, page 
304). It is not a good screener for refractive amblyopia; however, as like all stereopsis tests, it only 
screens for strabismus. 
 
(a)                                                                                      (b) 
 
Figure 5: The Lang Stereo Test (a: Fricke et al, 1997 and b: Von Noorden et al, page 303). 
 
The Super Stereo Test is a handheld device consisting of a vertical elongated and rotatable rectangular 
frame with 4 sides, and is used to test local, global, and a mixture of local and global stereopsis at near 
(40cm). According to Selwyn Super (1993), this instrument has a rod extending from the base of the 
proximal end of the device, which is held by the patient’s hands at the distal end and held against the 
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patient’s chin at the proximal end to ensure proper testing distance and to limit distractions during 
testing. Three of the four sides of the Super Stereo Test contains set of 10 stereograms arranged in a line 
in order of decreasing disparity (increasing difficulty) levels from the top to the bottom of the 
instrument (400, 200, 140, 100, 70, 50, 40, 30, 25, and 20 arc sec).  One side contains monocularly 
visible contoured circle targets presented against a noise-free background, which demonstrates 
monocular (local) cues only. The second side contains monocularly visible contoured circle targets 
presented against a noisy background of random dots, which represents both local and global cues. The 
third side contains monocularly invisible circles presented against a noisy background of random dots, 
which demonstrates binocular (global) cues only. The task of the patient is to start at the top of one of 
the faces and choose the stereogram with disparity at each of the 10 levels. The disparity is created 
using cross polarization, which requires patients to wear polarized filters in order to appreciate the 3D 
effect. This can be problematic in the same way as discussed prior with the Titmus Stereo Test. An 
advantage of The Super Stereo Test is that the test includes both crossed and uncrossed polarizing 
filters, which can test both relative convergence and divergence. The unique rod placement of the 
stereo test also ensures proper working distance at all times, which is hard to control with hand held 
book stereo tests. This test also assess three different forms of stereoacuity involving monocular only, 
binocular only, or a combination of monocular and binocular cues. 
 
 
Figure 6: The Super Stereo Test (Super 1993) 
 
The Distance Randot Stereo Test is a set of 4 handheld cards contained in one booklet used for testing 
global stereopsis at a distance of 3m. The demonstration plate and testing plates contain four symbols 
(triangle, star, circle, and square) ranging from disparities of 400, 200, 100, and 60 arc seconds when 
measured at 3 meters (Sweekriti 2012). The task of the patient is to simply choose what symbol is seen 
on each test plate. The disparity is created using cross polarization, which requires patients to wear 
polarized filters in order to appreciate the 3D effect. This can be problematic in the same way as 
discussed prior with the Titmus Stereo Test. This test is approved for ages as young as 4 years old, and is 
especially useful in detecting and monitoring abnormalities in the distance such as strabismus and 
amblyopia; especially intermittent exotropia.  
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Figure 7: The Distance Randot Stereo Test 
 
Clinically, there are many more different variations of tests that assess depth perception. Because each 
stereo test has unique characteristics that set it apart from other tests, it is important for the clinician to 
understand the strong and weak aspects of each test, as well as the ideal population that each test will 
assess. The measurement of stereopsis is clinically important as an assessment of an individual’s visual 
function and their ability to respond to visual stimuli during day to day activities (Super 1993). The test 
needs to measure not only an individual’s ability to make spatial judgments and the detectable disparity 
threshold, but also the speed at which the individual is able to perform (stereopsis efficiency). Stereopsis 
measurements can also be used to assess the efficacy and value of any mode of treatment, such as 
lenses, medications, vision therapy, or surgery. As seen with clinically available tests of stereoacuity, 
research pertaining to the measurement and documentation of stereoacuity has largely been conducted 
at near testing distances. The direct differences in depth perception ability between the viewing 
conditions of global and local stimuli have been analyzed minimally in the past, and the comparison of 
each to a stimulus with combined global and local disparity cues is virtually nonexistent. The differences 
between these viewing conditions are also less documented for far stereopsis testing, especially on a 
computer-driven 3D display. Because the quantification of stereopsis has benefited many aspects of 
research and clinical practice, it is essential that all aspects of stereopsis testing is explored and properly 
assessed. 
 
Current Study 
 
The purpose of this study is to determine the effect of viewing condition and stereoscopic threshold on 
accuracy and response time of perceiving a stereoscopic 3D image at a far viewing distance (4.0 - 4.3 
meters) on a 3D TV monitor. To answer this question, individual stereoscopic threshold and response 
time and accuracy in adapting to changing disparity magnitudes (step vergence) were measured and 
recorded using three Vision Performance Institute (VPI) stereo tests: Blank Background Stereoscopic 
viewing (BBS), Random-Dot Stereoscopic viewing (RDS), and Random-Dot with Reference Frame 
Stereopsis viewing (RDRFS) for a group of young adults. The results of the testing sessions were then 
compared to, or related to, their performance on the traditional clinical standard regarding the practical 
assessment of stereopsis ability at near (The Titmus Stereo Test) and at far (The Distance Randot Stereo 
Test).  
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Based on prior research findings, three specific hypotheses have been formulated relative to the main 
research question: (1) stereopsis threshold (accuracy threshold) and efficiency (response time in step 
vergence) will be best for the VPI Stereo Test containing only local cues to fusion (BBS), intermediate for 
the VPI Stereo Test containing a combination of global and local cues (RDRFS), and worst for the VPI 
Stereo Test containing only global cues (RDS). (2) Subjects with a lower (better) Titmus Stereo Test 
stereoacuity threshold at 40cm will have faster response times and better accuracy on all three VPI 
Stereo Tests than subjects with a worse stereoacuity. (3) Subjects with a lower Distance Randot Stereo 
Test stereoacuity threshold at 3m will have faster response times and better accuracy on all three VPI 
Stereo Tests than subjects with a worse stereoacuity. 
 
 
 
 
 
 
METHODS 
 
Subjects 
 
Data for this study were obtained from a total of 93 volunteers (63 females, 30 males; age 19-43 years 
old, average 24.5±4.34) with normal binocularity (avg. far VA -0.14 ±0.08 logMAR; average near VA  -
0.07 ±0.04 logMAR).  Data of the first two subjects were excluded from analysis because of missing data. 
 
Inclusionary criteria for subjects were as follows: (1) have stereoacuity of or better than 120 arc seconds 
as measured via the Titmus Stereo Test; (2) the ability to use English to communicate with the 
experimenter. Exclusionary criteria were as follows: (1) significant ocular or manual pathology, 
abnormality, or oculomotor limitation; (2) history of photosensitive epilepsy; (3) use of a cardiac 
pacemaker; (4) currently pregnant or the possibility of being pregnant. Subjects who met all inclusionary 
and exclusionary criteria and gave informed consent approved by Pacific University Internal Review 
Board were entered into the study.  
 
Data were collected from a screening and testing facility at The Vision Performance Institute (VPI) at 
Pacific University. Testing was performed over a time period ranging from July to December of 2012.  
Forty subjects attended two different testing sessions for the requirement of another study. Half of 
them randomly started at a testing lab (performed in a home-theater research lab at VPI) and the other 
half started at a clinic (the Pacific EyeClinic Beaverton). The remaining fifty-three subjects attended only 
one testing session in the research lab at VPI. All subjects went through identical testing procedures 
before being exposure to different testing parameters pertaining to individual studies. These testing 
procedures include a general optometric clinic test battery, including far and near binocular and 
monocular visual acuity with Snellen letters, binocular and monocular contrast sensitivity with Landolt-
C’s at 100% and 20% contrast, refraction via a Grand Seiko WAM 5500 open-field autorefractor, Wirt 4-
dot Titmus Stereo Test stereoacuity test at 40cm, distance Random Dot Stereo Test at 3m, base-in and 
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base-out vergence ranges at 3m, red lens testing using anaglyphic spectacles and prisms, and near point 
of convergence. Of the forty subjects who completed two visits, only data from the first testing session 
was used in data analysis to limit variability of a practice effect.  
 
Materials 
 
VPI Stereo Tests 
VPI Stereo Test is a custom-written program, created by VPI researchers, used to test stereopsis on a 3D 
display.  Adobe Flash (Adobe System Inc., San Jose, CA) and Experiment Builder (SR Research Ltd., 
Ontario, Canada) were used to generate the 2D and 3D testing images. For each trial, two images were 
presented side by side; in which one eye saw an image that was horizontally separated from the image 
presented to the other eye by various disparities ranging from 1 to 80 pixels (33 to 2,604 arc seconds, 
respectively, from a viewing distance of 4.0 meters) and presented on a 3D display using the option of 
side-by-side 3D presentation.  
 
The testing image was revised from the Wirt 4-dot test. In each trial, four circles were arranged in the 
shape of a diamond, and one of them appeared to float above or behind the background at a designated 
disparity ranging from 1 to 80 pixels (33 to 2604 arc seconds, respectively, from 4,0 m distance). The 
true threshold stereoacuity of each subject cannot be reached because the testing is confined by the 
display resolution of the television monitor and the viewing distance restricted by the room dimension. 
To test the levels of binocular fusion, three backgrounds were used to manipulate the utility of the 
stereoscopic cues: BBS, RDS, and RDRFS.  
 
Blank Background Stereogram (BBS) condition  
The black Wirt 4-dot target was presented within a black diamond frame on a white background. All 
circles and the diamond had no horizontal disparity except the target circle, which had a horizontal 
disparity ranging from 1 to 80 pixels. Since the stimulus contains monocularly visible stimuli, form 
perception occurs without any reference to other parts of the retinal field (Fricke and Siderov, 1997). 
Local stereopsis occurs when the horizontal retinal disparities from both of the eyes are correlated 
across a smaller retinal area. Therefore, BBS can be perceived using only monocular cues with low (or 
no) binocular fusion. Because local stereopsis is a lower and simpler form of depth perception, subjects 
are expected to have the fastest response time and highest accuracy with the BBS condition.  
 
 - 12 - 
Figure 8: Blank Background Stereogram (BBS) viewing. The actual 3D effect of the image depicted in this figure cannot be seen 
without the use of 3D polarized glasses and the computer software. 
 
Random Dot Stereogram (RDS) condition 
The stimulus was similar to the BBS condition, except that the Wirt 4-dot target was presented on a 
background with random-dot patterns. Three of the circles (the reference circles) had 2 pixels of 
horizontal disparity to separate the target from the random dot background, allowing the subject to 
perceive a small amount of depth perception to appreciate the image. The fourth circle (the target 
circle) had an additional amount of horizontal disparity ranging from 1 to 80 pixels from the reference 
circles. Since random dot stereograms contain no monocularly visible contours, form perception cannot 
occur until the horizontal retinal disparities from both of the eyes are correlated across a substantial 
retinal area (Fricke and Siderov, 1997). Therefore, RDS can only be perceived through binocular fusion 
and testing is confined to global stereopsis. Because global stereopsis is a higher and more complex 
form of depth perception, subjects were expected to have the slowest response time and lowest 
accuracy with the RDS condition. 
 
 
Figure 9: Random Dot Stereogram (RDS) viewing. The actual target and 3D effect of the image depicted in this figure cannot be 
seen without the use of 3D polarized glasses and the computer software. 
 
Random Dot with Reference Frame Stereogram (RDRFS) condition  
Similar to the RDS condition, except that a diamond-shaped frame was added onto the background, 
surrounding the Wirt 4-dot target as a black diamond, also with 2 pixels of horizontal disparity. This 
mixture of a Local and Global Stereopsis test was programmed as a stereoscopic 3D stereoacuity and 
step vergence test that contained both monocular and binocular cues to fusion. The black diamond 
stimulus is a monocular cue leading to local stereopsis, while the 3 random dot reference circles and 1 
target circle are binocular stimuli leading to global stereopsis.  The black diamond is expected to help 
direct the eyes via more successfully utilizing a vergence response. Therefore, this black “frame” may 
help direct the eyes more quickly to the proper target location in each retinal image and map out their 
relative positions within the random dot background to allow the subject to more efficiently choose the 
proper target circle. Because of this unique mixture of local and global stereopsis contained within this 
viewing condition, subjects are expected to have an intermediate response time and intermediate 
accuracy with the RDRFS viewing condition in comparison to the BBS and RDS viewing conditions.  
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Figure 10: Random Dot with Reference Frame Stereopsis (RDRFS) viewing. The actual 3D effect of the image depicted in this 
figure cannot be seen without the use of 3D polarized glasses and the computer software. 
 
Current clinical tests: Titmus Stereo Test and Distance Randot Stereo Test 
In addition to the VPI Stereo Tests, the only clinically available distance stereo test, the Distance Randot 
Stereo Test, was used as a comparison of the testing validity for the VPI Stereo Tests.  Because the 
Titmus Stereo Test is ultimately used as the clinical standard of stereopsis measurement, the Titmus 
Stereo Test was also included to examine the tested result. This also permits the direct comparison of 
the distance and near, local and global stereo tests. Both tests were administered according to their 
instructions at the prescribed viewing distance (3m and 40cm, respectively). The average Titmus near 
stereoacuity for the population of subjects ranging from 19 to 43 years old was found to be 24.5 arc 
seconds, and the average Distance Randot stereoacuity was found to be 115.7 arc seconds. A ceiling 
effect is expected to be found at this average measurement within the population of subjects. 
 
Apparatus 
 
A LG 55” film-patterned-retarder (FPR) based passive-polarized 3D LED TV (LG 55LW6500UA, 1920 
columns x 1024 lines) was used to display the testing stimuli for each viewing condition. The display 
refresh rate was 240 Hz for each eye but only half of the vertical resolution was delivered to each eye. A 
pair of polarized 3D glasses was used to view the left and right images presented on the screen. The TV 
rested on a height-adjustable stand with the center of the screen aligned to the subject’s eye position, 
at a viewing distance of 4.0-4.3 meters.  
 
Procedures and Measurements 
 
Stereoacuity and step-vergence tasks with the VPI Stereo Tests 
All experimental testing occurred in a light-tight room with all aspects (wall, ceiling, carpet and chairs) 
colored grey to decrease any possible reflections. Each subject was instructed to stand 4.3 meters from 
the TV screen for the stereoacuity task and 4.0 meters for the step-vergence task with the tip of their 
toes on a piece of tape marking the proper viewing distance for each appropriate test. After putting on a 
pair of 3D glasses, subjects were instructed both verbally by the research assistant and in written format 
via the TV screen on how to properly complete the stereoacuity and step-vergence tasks using the game 
controller.  An example of the Wirt 4-dot target of the BBS viewing condition was also displayed on the 
TV screen to give the subject an idea of what the target would look like. Either the right, left, up, or 
down arrow button the right hand side of the controller was pressed corresponding to the location of 
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the target circle that appeared to be floating in front of the other three reference circles. The subject’s 
response was measured via selecting this target circle using the game controller.  They were encouraged 
to guess if they had an idea of which circle was the target circle, but they were to press the left trigger 
button on the controller if they could not see a difference among the 4 circles.  
 
For the stereoacuity task, each subject’s ability to accurately respond to each of the three stereogram 
viewing condition was measured. The overall disparity between the target circle and the reference 
circles were decreased from 80 pixels until a single pixel was presented or they reached lowest pixel 
amount that the individual could correctly respond to. The subjects were told to take their time and 
focus on accuracy of choosing the correct target circle. The derived smallest detectable eye-image 
disparity was used as the outcome variable for threshold stereoacuity, and was used in the step-
vergence task. Random presentation of each of the three viewing conditions (BBS, RDS, and RDRFS) was 
pre-determined for each subject via a Latin Square design. The true threshold stereoacuity of each 
subject might not be reached because the testing is confined by the display resolution. Table 1 shows 
the increment steps (in arc seconds) among the various stereopsis tests.  
 
For the step-vergence task, each subject’s ability to accurately and quickly respond to each of the three 
stereogram viewing conditions was measured. With a slight modification of the threshold stereoacuity 
test, each subject’s step-vergence stereo-reacquisition efficiency, or stereopsis efficiency, was also 
measured. Instead of presenting the reference circles and the diamond at the display surface (2 pixels of 
horizontal disparity) as the control trials every time, they were alternated between control trials and the 
testing trials with relatively more or less (either uncrossed or crossed) disparity (at a designated 
disparity of 1 to 80 pixels randomly selected by the presentation program). Subjects were told to 
respond as quickly as possible, which forced rapid convergence and divergence changes of the subject’s 
eyes. This test is used to measure both the smallest distance of eye-image disparity and the efficiency of 
the subject’s fusion response. Response time was the outcome variable for stereopsis efficiency. 
Subjects were also told to pay close attention to compare the three viewing conditions, as they would 
be asked to rate the difficulty of each at the end of the experiment.  
 
All tests were presented immediately without interruption, and all were usually completed within ten 
minutes. Upon completion of each of the three VPI Stereo Test conditions, each subject was asked to 
verbally state which viewing condition seemed to be the most difficult, or if any of the viewing 
conditions seemed to be of the same caliber. Responses were recorded by the research assistant.  
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Table 1:  
Comparison of stereoacuity increment steps among the stereopsis tests used in the study.  
VPI Stereo Tests 
(arc seconds) 
Titmus Stereo Test (arc 
seconds) 
Distance Randot Stereo Test (arc 
seconds) 
33 (1 pixel) 20 60 
65 (2 pixels) 25 100 
98 (3 pixels) 32 200 
130 (4 pixels) 40 400 
163 (5 pixels) 50 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
195 (6 pixels) 63 
228 (7 pixels) 100 
260 (8 pixels) 160 
293 (9 pixels) 200 
326 (10 pixels) 400 
488 (15 pixels)   
  
  
  
  
  
  
  
651 (20 pixels) 
977 (30 pixels) 
1302 (40 pixels) 
1628 (50 pixels) 
1953 (60 pixels) 
2278 (70 pixels) 
2604 (80 pixels) 
 
Clinic examination 
Routine clinic tests were performed by an optometrist and/or professional trained technician either in 
an eye clinic or in a laboratory setting. A digital program (Smart System II 20/20 Basic Visual Acuity 
System, M&S Technologies, IL: Park Ridge) was used to screen subject’s vision at 6 meters, including 
high contrast far and near visual acuity, contrast sensitivity, and stereo-acuity. Stereo-acuity was also 
measured with the Wirt-Dot portion of the Titmus Stereo Test (Bernell Corporation, Mishawaka, IN). The 
clinical tests include: 
1. Distant and near visual acuity test: Using a digital eye chart, the smallest resolvable line 
at which the participant could resolve at least 3/5 letters at a distance of 3 meters was 
recorded. Each eye was best-corrected and tested separately. 
2. Contrast sensitivity: Using a digital eye chart set at the smallest Snellen acuity that 
worst eye can see, the ability to see gray-on-white was measured with both eyes open 
at various levels below full contrast (100%). Lower contrast levels begins at 25% and 
becomes fainter in five steps down to 6.25%. 
3. Refraction: Using an autorefractor (Grand Seiko WAM 5500 open-field autorefractor), 
the refractive error in standard sphere, cylinder, and axis form was measured in both 
the right and left eyes separately with the participant looking in the distance. 
4. Stereopsis: The static near (Titmus Stereo Test) and far (Distance Randot Stereo Test) 
stereo acuity (depth perception) was measured to a threshold of 20 arc seconds at near, 
and 60 arc seconds at far, using habitual spectacles or contact lenses. 
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5. Red Lens Testing:  Subjects wore red-green anaglyphic spectacles to visualize white 
targets (star, square, triangle, etc) displayed at a distance of 3 meters on a digital eye 
chart. Different levels of prism lenses were used to test the subject’s fusion ability. 
6. Near point of convergence (NPC): Using the "pencil push-up" technique, the participant 
used their eyes to follow a bead target as it approached their nose until the participant 
reported seeing double. The distance from the lateral canthus, in centimeters, was 
recorded. 
7. CA/C (Grand Seiko with 8 or 10D Prism lens): The effect on accommodation (focusing) 
with induced convergence of the eyes at near was measured using a 10^ base out prism. 
 
Data Analysis 
 
The data were analyzed using SPSS statistical software. Within-subject effect of testing condition on 
threshold stereoacuity was measured within the three VPI Stereo Tests using the General Linear Model 
(GLM) Repeated Measures Analysis of Variance (ANOVA). An 84% confidence interval (CI) was created 
for comparing group means using within subject analysis. Non-overlapping bars show significant 
difference at an unadjusted p = 0.05 (Payton, Greenstone, and Schenker, 2003). Pairwise T-Test was 
used to compare the threshold stereoacuity between each of the VPI Stereo Tests and either Distant 
Randot Stereo Test or the Titmus Stereo Test. 
 
Stereopsis efficiency  was measured by the response time in the step vergence task. Mixed Model 
Analysis of Variance (ANOVA) was used to examine the effects of VPI testing conditions (BBS, RDS, 
RDRFS), disparity direction (crossed vs. uncrossed), disparity magnitudes (20, 40, 60, 80 pixels) and their 
interactions, followed by pairwise comparisons. 
 
 
RESULTS 
 
Threshold Stereoacuity  
 
Comparison among the three VPI Stereo Tests 
Figure 11 shows the mean stereoacuity derived with the VPI Stereo Tests. There was a statistically significant 
effect of the testing condition within the three VPI tests (F(1.837, 1.977)=6.355, p=0.003). Post hoc pairwise 
comparisons show that a difference was seen between RDRFS and the other two viewing conditions, but was 
not seen between the BBS and RDS viewing conditions. To better understand changes of subject stereoacuity 
from one condition to another, Table 2 presents crosstab comparisons between pairs of these three testing 
conditions. All changes are statistically significant (Pearson Chi2 test p < 0.05), with significant number of 
subjects who performed well at BBS had poorer stereoacuity with RDS and RDRFS; similarly, a significant 
number of subjects performed poorer with RDRFS than without the reference frame (RDS), even though the 
difference between their mean value was not significantly different.  
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Figure 11. Mean Stereoacuity derived with VPI Stereo Tests. Bar graph with 84% confidence intervals to show the model-
predicted means for the stereoacuity derived with the three VPI Stereo Tests.  
 
Table 2: Crosstabs between the three VPI Stereo tests. (Only cells with data are presented.) 
2a. 
Count (% of Total) 
RDS 
Total 1pxl (33”) 2pxl(65”) 3pxl(98”) 10pxl(326”) 
BBS 1pxl (33”) 79 (91.9%) 1 (1.2%) 3 (3.5%)   83 (96.5.0%) 
2pxl (65”)   1 (1.2%)  1 (1.2%) 
3pxl (98”) 1 (1.2%)    1 (1.2%) 
5pxl (163”)       1 (1.2%) 1 (1.2%) 
Total 80 (93.0%) 1 (1.2%) 4 (4.7%) 1 (1.2%) 86 (100.0%) 
Pearson Chi2(9)=106.775, p<0.001 
 
2b. 
Count (%) 
RDRFS 
Total 1pxl(33”) 2pxl(65”) 3pxl(98”) 9(293”) 
BBS 1pxl(33”) 60 (81.1%) 1 (1.4%) 10 (13.5%)  71 (95.9%) 
2pxl(65”)  1 (1.4%)   1 (1.4%) 
3pxl(98”) 1 (1.4%)    1 (1.4%) 
5pxl(163”)    1 (1.4%) 1 (1.4%) 
Total 61 (82.4%) 2 (2.7%) 10 (13.5%) 1 (1.4%) 74 (100.0%) 
Pearson Chi2(9)=131.484, p<0.001 
 
2c. 
Count (%) 
RDRFS 
Total 1pxl(33”) 2pxl(65”) 3pxl(98”) 9pxl(293”) 
RDS 1pxl(33”) 61 (82.4%)  8 (10.8%)  69 (93.2%) 
2pxl(65”)   1 (1.4%)  1 (1.4%) 
3pxl(98”)  2 (2.7%) 1 (1.4%)  3 (4.1%) 
10pxl(326”)    1 (1.4%) 1 (1.4%) 
Total 61 (82.4%) 2 (2.7%) 10 (13.5%) 1 (1.4%) 74 (100.0%) 
Pearson Chi2(9)=110.667, p<0.001 
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Since different disparity magnitudes were used among the VPI Stereo Tests, Distance Randot and Titmus 
Stereo Tests, a crosstab comparison was conducted to examine the change dynamics among tests of the 
same individual subjects.   
 
Overall, subjects seemed to perform better with the VPI Stereo BBS viewing condition than with the Distance 
Randot Stereo Test as reflected by the majority of subjects obtaining lower stereoacuity threshold in the BBS 
testing condition (Table 3a). However, since the Distance Randot Stereo Test only reaches 60 arc seconds, 
there probably was a stronger ceiling effect in comparison to the VPI Stereo Test viewing conditions. On the 
other hand, several subjects who reached 33 arc seconds in the BBS condition failed to achieve 60 arc 
seconds in the Distance Randot test; the overall change rate on threshold disparity magnitudes, however, did 
not reach statistical significance (p>0.05). A similar pattern was observed in comparison of Distance Randot 
Stereo Test with RDS (Table 3b) and RDRFS (Table 3c) conditions but no statistically significant difference 
(P>0.05).  
 
Table 3: Crosstabs of VPI Stereo Tests and Distance Randot Test 
 
3a. 
    BBS 
    1pxl (33”) 2pxls (65”) 3pxls(98”) 7pxls(228”) Total 
Distance Randot Stereo Test 60" 35 (56.5%) 1 (1.6%) 1 (1.6%) 
 
37 (59.7%) 
100" 12 (19.4%)   1 (1.6%) 12 (21.0%) 
200" 6 (9.7%)   
 
6 (9.7%) 
400" 6 (9.7%)   
 
6 (9.7%) 
Total 59 (96.7%) 1 (1.6%) 1 (1.6%) 1 (1.6%) 61 (100.0%) 
Pearson Chi2 (9) = 5.162, p=0.820 
 
3b. 
    RDS 
    1pxl(33”) 2pxls(65”) 3pxls(98”) 15pxls(488”) Total 
Distance Randot Stereo test 60" 35 (56.5%)  2 (3.2%) 
 
37 
(59.7%) 
100" 11 (17.7%) 1 (1.6%)  1 (1.6%) 13 
(21.0%) 
200" 6 (9.7%)   
 
6 (9.7%) 
400" 6 (9.7%)   
 
6 (9.7%) 
Total 58 (93.5%) 1 (1.6%) 2 (3.2%) 1 (1.6%) 62 
(100.0%) 
Pearson Chi2 (9) = 9.058, p=0.432 
 
3c. 
    RDRFS 
    1pxl(33”) 2pxls(65”) 3pxls(98”) 60pxls(1953”) Total 
Distance Randot Stereo Test 60" 26 (50.0%) 2 (3.8%) 4 (7.7%) 
 
32 (61.5%) 
100" 7 (13.5%)  1 (1.9%) 1 (1.9%) 9 (17.3%) 
200" 5 (9.6%)  1 (1.9%) 
 
6 (11.5%) 
400" 4 (7.7%)  1 (1.9%) 
 
5 (9.6%) 
Total 42 (80.8%) 2 (3.8%) 7 (13.5%) 1 (1.9%) 52 (100%) 
Pearson Chi2 (12) = 6.936, p=0.862 
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Similar patterns were observed from the Crosstab distribution between the VPI Stereo Tests and the Titmus 
Stereo Test (Table 4). Overall, since the Titmus Stereo Test reaches lower disparity levels than the VPI Stereo 
Tests, the Titmus Stereo Test provides slightly better discrimination in individual stereopsis performance.  
 
 
Table 4: Crosstabs of VPI Stereo tests Versus Titmus Stereo Test.  
4a. 
    BBS 
Count(%) 1px (33”) 2px (65”) 3px (98”) 5px (163”) 7px (228“) 
Total 
  
Titmus  
Stereo  
Test 
20” 61(68.5%) 1 (1.1%) 1 (1.1%)   63 (70.8%) 
25” 13 (14.6%) 
  
1 (1.1%) 1 (1.1%) 15 (16.9%) 
32” 5 (5.6%) 
    
5 (5.6%) 
50” 4 (4.5%) 
    
4 (4.5%) 
63” 1 (1.1%) 
    
1 (1.1%) 
100” 1 (1.1%) 1 (1.1%) 1 (1.1%) 1 (1.1%) 1 (1.1%) 1 (1.1%) 
Total 85 (95.5%) 1(1.1%) 1(1.1%) 1(1.1%) 1(1.1%) 89(100.0%) 
Pearson Chi2 (20)=10.850, P=0.950 
 
4b. 
Count(%) 
RDS 
1px (33") 2px (65”) 3px (98”) 10px (326”) 15px (488”) Total 
Titmus 
Stereo  
Test 
20” 57 (65.5%) 1(1.1%) 4(4.6%)   62 )71.3%) 
25” 1213.8%) 
  
1(1.1%) 1(1.1%) 14 (16.1%) 
32” 5 (5.7%) 
    
5 (5.7%) 
50” 4 (4.6%%) 
    
4 (4.6%) 
63” 1(1.1%)     1 (1.1%) 
100” 1(1.1%)     1 1.1%) 
Total 80(92.0%) 1(1.1%) 4(4.6%) 1(1.1%) 1(1.1%) 87 (100.0%) 
Pearson Chi2 (20)=12.581, P=0.895 
 
4c. 
Count(%) 
RDRFS 
1px (33”) 2px (65”) 3px (98”) 9px (293”) 60 (1953”) Total 
Titmus 
Stereo  
Test 
20” 41(54.7%) 2(2.7%) 9(12.0%)   53(70.7%) 
25” 8(10.7%) 
 
1(1.3%) 1(1.3%) 1(1.3%) 12(16.0%) 
32”            3(4.0%) 
    
4(5.3%) 
50” 4((5.3%%) 
    
4(5.3%) 
63” 1 (1.3%) 
    
1(1.3%) 
100” 1 (1.3%)     1(1.3%) 
Total 58 (77.3%) 2(2.7%) 10(13.3%) 1(1.3%) 1(1.3%) 75(100.0%) 
Pearson Chi2 (20)=13.933, P=0.834 
 
Near-viewing Titmus Stereo Test vs Far-viewing Distance Randot Stereo T est 
Subjects measured with lower stereoacuity with Titmus Test than with Distance Randot Stereo Test (Table 5), 
again, suggesting the existence of ceiling effect in Distance Randot Test and the benefit of having finer 
disparity scale in discriminating subjects’ stereoacuity. Still, more than a third of subjects (24/61) performed 
worse on the Distance Randot Test, as observed in the comparison of the VPI Stereo Tests with Distance 
Randot Test.   
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Table 5: Crosstab analysis of Distance Randot Stereo Test Versus Titmus Stereo Test 
Count 
Titmus Stereo Test 
20" 25" 32" 50" 63" Total 
Distance 
Randot 
Stereo 
Test 
60" 28 (45.9%) 6 (9.8%) 1 (1.6%) 1 (1.6%) 1 (1.6%) 37 (60.7%) 
100" 5 (8.2%) 3 (4.9%) 2 (3.3%) 2 (3.3%)  12 (19.7%) 
200" 6 (9.8%)     6 (9.8%) 
400" 5 (8.2%) 1 (1.6%)    6 (9.8%) 
Total 44 (72.1%) 10 (16.4%) 3 (4.9%) 3 (4.9%) 1(1.6%) 61 (100%) 
Pearson Chi2 (12)=13.189, p=0.355 
 
Correlations of Stereoacuity among Tests 
Overall, most subjects reached the lowest disparity magnitude on all five testing conditions, suggesting 
the existence of a ceiling effect in all tests, especially with the Distance Randot Test. The finer scale on 
the Titmus Stereo Test allowed better discrimination of subject stereoacuity. VPI Stereo Tests provide 
finer scales than the Distance Randot Test but slightly poorer than the Titmus Test. However, this can be 
easily improved by increasing the viewing distance. A few subjects who performed well on both the VPI 
tests and the Titmus Test had much poorer stereoacuity in the Distance Randot Test, suggesting there 
might be some challenges with the Distance Randot Test. Further examination is needed to understand 
the potential challenges for using the Distance Randot Test. Table 6 shows the overall correlation among 
these tests.  
 
Table 6: 
Pearson Correlation of measured stereoacuity among tests used (N=93) 
 
BBS   RDS RDRFS Titmus Stereo Test 
Distance Randot 
Stereo Test 
BBS 1         
RDS 0.995** 1 
   RDRFS 0.886** 0.920** 1 
  Titmus Stereo Test 0.233* 0.228* 0.193 1 
 Distance Randot Stereo Test -0.048 -0.037 -0.018 -0.115 1 
 
 
Vergence Efficiency: Response Time on Step-Vergence 
 
Mixed model ANOVA shows significant effects of different VPI Stereo Test types (F(2, 
1872.526)=390523, p <0.001), disparity direction (F(1, 1862.317)=79.792, p<0.001), disparity magnitude 
(F(3, 1862.003)=209.060, P<0.001), and the interactions of Test type x Disparity direction (F(2, 
1862.188)=8.522, p<0.001) and Test type x Disparity magnitude (F(6, 1861.991)=8.392, p<0.001). 
Subjects had the fastest response time in the BBS viewing condition (1056 ms), an intermediate 
response time with the RDRFS condition (1359 ms), and the slowest response time with the RDS 
condition (1141 ms) (Figure 12a). They were faster with crossed trials (1139 ms) than with uncrossed 
trials (1219 ms) (Figure 12b) overall, and in each testing condition, especially when random dot 
background was used (RDS, RDRFS) (Frigure 12d). Response was also faster with smaller amount of 
disparity than with larger amount  (1039, 1129, 1222, 1344ms for 20, 40, 60, 80 pixels, respectively) 
overall (Figure 12c), and in each testing condition (Figure 12e). 
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(12a)      (12b) 
  
(12c)      (12d) 
  
(12e) 
 
Figure 12: Effects of test viewing condition, disparity direction, and disparity magnitude on mean 
response time in step vergence task  
 
To examine if performance in the two clinical tests related to step-vergence efficiency measured with 
each of the VPI Stereo Tests, subject’s threshold stereoacuity with Titmus test was added into the 
analysis, along with disparity direction and disparity magnitude on step vergence response time in each 
of the three testing conditions. Results show no effect of the Titmus Stereoacuity in all three testing 
conditions (p=0.989, 0.789, 0.994 for BBS, RDS, and RDRFS, respectively), suggesting that Titmus 
stereoacuity does not predict the step vergence efficiency.  Similar analysis was also performed with 
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stereoacuity derived from the Distance Randot Stereo Test. Again, no significant effect of Distance 
Randot Test was found (p=.937, .894, .939 for BBS, RDS, RDRFS, respectively). These results demonstrate 
that the Distance Randot Stereo Test stereoacuity does not predict performance on the step vergence 
efficiency with VPI Stereo Tests. 
 
Overall, the VPI Stereo Test of the BBS viewing condition seems to have the fastest response time, 
RDRFS has an intermediate response time, and RDS has the slowest response time. Trials with crossed 
disparity have a general trend of a faster response time than trials with uncrossed disparity. Response 
time increased with the magnitude of disparity, regardless of the direction. Smaller disparities are 
associated with a faster response time, and larger disparities with a slower response time.  
 
 
DISCUSSION 
 
The perception of stereopsis is well known, and is widely accepted as the highest level of binocular 
fusion which ultimately produces a sensation of stereoscopic depth. Depth perception is accomplished 
via local and global stereopsis; in which local stereopsis involves only monocular cues whereas global 
stereopsis involves only binocular cues to fusion. Global stereopsis therefore utilizes more complicated 
brain processes further downstream within the extra striate cortex than does local stereopsis. These two 
forms of stereopsis ability have been highly discussed and implemented as part of optometric visual 
testing; but, little empirical research has been done to directly compare how quickly and accurately an 
individual responds to a local versus a global stereopsis test. Therefore, more research in this area is 
needed to provide information regarding which current clinical stereopsis tests are most sensitive and 
effective at establishing an individual’s true fusion potential.  
 
In our study, the individual stereoscopic threshold, response time and accuracy were measured and 
recorded with three different testing conditions (BBS, RDS, and RDRFS) for 93 young adults. The results 
of the testing sessions were statistically analyzed and compared to one another, as well as to the 
traditional clinical standard regarding the practical assessment of stereopsis ability at near (the Titmus 
stereo test) and at far (the Distance Randot stereo test). Based on prior research findings, we expected 
that stereoacuity will be best for the 3D-viewing condition containing only local cues to fusion (BBS), 
intermediate for the viewing condition containing a combination of global and local cues (RDRFS), and 
worst for the viewing condition containing only global cues (RDS). This hypothesis was partially 
confirmed. Threshold stereoacuity value is best (lowest threshold) for the VPI stereo test of the BBS 
viewing condition, but the differentiation between the RDS and RDRFS tests are less clear. By purely 
summing the number of subjects in the tables who do not reach threshold on the RDS or RDRFS in 
comparison to the Titmus test, it is shown that the RDRFS has a slightly higher number of individuals 
with a worse threshold value than seen in RDS. This small difference may be due to a limited sample 
size; and a larger sample size may make the difference more apparent in which the RDRFS would be 
expected to have better performance than RDS due to containing local cues which are easier to 
interpret than purely global cues. This difference may also be due to human error, which may be 
improved or eliminated if more data points were collected and a learning effect is seen. It is also 
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important to note that 34 subjects were asked to rate the difficulty among each of the three VPI stereo 
tests. Of these 34 subjects, 30 stated that the RDS viewing condition was the most difficult and the 
RDRFS was of intermediate difficulty. Alternatively, only 4 subjects reported that the RDS and RDRFS 
viewing conditions were of equal difficulty. All 34 subjects agreed that the BBS was the easiest. This is 
most likely explained due to the fact that BBS contains only local monocular cues, which is the lowest 
form of stereopsis ability. This ultimately requires less complex visual interpretation, which occurs 
earlier along the visual pathway and results in a faster response time. RDS contains only global cues to 
fusion, which is the highest form of stereopsis ability. This ultimately demands a more complex series of 
visual interpretation further along the visual pathway, which results in a slower response time. RDRFS 
contains a combination of local and global cues to fusion, wherein the monocular cue embedded within 
the random dot pattern is believed to assist the visual system in interpreting the global pattern by 
orienting the eyes onto the image more efficiently, allowing for visual interpretation that is faster than 
RDS but slower than BBS. Subjectively, most subjects reported the RDS viewing condition to be the most 
difficult. In conclusion, the highest stereoacuity was with local-cues only test (BBS), followed by RDS 
(global only cue condition), and then the RDRFS (with combination of local and global cues). The reason 
of the RDRFS being harder than RDS is not clear to us but subjects’ oral report supports the original 
hypothesis of BBS performing better than RDRFS, followed by RDS. 
  
The second and third hypotheses predicted that subjects with a lower (better) stereoacuity threshold 
Titmus stereo test and Distance Randot stereo test will have better performance than subjects with a 
worse stereoacuity. The result was consistent with the prediction about the Titmus stereo test but not 
with the Distance Randot test. Overall, BBS, RDS, and RDRFS seemed to have slightly poorer 
performance than the Titmus stereo test as reflected by the majority of subjects obtaining stereoacuity 
threshold results with higher positive numbers via the VPI stereo test. These results may be due to a 
limitation in resolution ability of each of the VPI stereo tests, in which the lowest available testable 
threshold for each being 33 arc seconds while the Titmus stereo test is 20 arc seconds. In theory, an 
increase in the testing distance of the VPI stereo tests would lower the testable threshold to be more 
comparable to the Titmus stereo test (closer to 20 arc sec). Alternately, the Titmus stereo test has true 
inherent limits that affect its sensitivity in the aspect that the calibrated testing distance must be 40cm. 
These threshold limits can be overcome in future studies by increasing the testing distance of VPI stereo 
tests, which may alter our present results. The correlation between Titmus and the VPI tests are weak 
but significant, which may be due to a limitation in sample size.  
 
We also examined the relationship between the two clinic tests. The Titmus stereo test seems to be a 
more sensitive test than the Distance Randot stereo test as reflected by the majority of subjects 
obtaining results with lower positive numbers on the Titmus stereo test. However, these results may be 
due to many limitations as indicated earlier: the varying resolution abilities, differing calibrated testing 
distances, and inherent limitations. Further studies are needed to compare the validity of these two 
tests. 
 
Step vergence ability in terms of VPI stereo test comparison, disparity direction, and disparity magnitude 
were all statistically analyzed to determine how each category affected response time. The majority of 
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subjects responded the fastest via BBS, intermediately via RDRFS, and slowest with RDS. This finding is 
consistent with the theory proposed above. Response time was found to be fastest when responding to 
visual stimuli converging relative to the plane of regard via crossed disparity, and slowest when 
diverging via uncrossed disparity. Pairwise comparisons also demonstrated that convergence response 
time was BBS < RDRFS < RDS. This is easily explained due to the well-known fact that the human visual 
system responds much more readily to crossed disparity demands since convergence is a much more 
readily attainable and easier skill than that of diverging due to uncrossed visual demands. When 
stimulated by various magnitudes of disparity, the majority of subjects responded fastest to the smallest 
amounts of disparity demand (20 pixels) and slowest to the largest amounts of disparity demand (80 
pixels). Pairwise comparisons also showed the mean response time to varying disparity magnitudes for 
each VPI stereo test. This is also easily explained via the fact that a visual demand of smaller disparity 
relative to the location of focus of one’s eye requires smaller motor eye movements to reach the new 
location of focus. Moving one’s eye a smaller distance to focus on a visual stimulus takes less time to 
achieve than moving one’s eye a larger distance. 
 
The interactions among the above listed variables were also compared to determine the effects on 
response time. Figure 12 shows a similar trend as stated prior when the variables of the VPI stereo test 
type and disparity direction are combined. Thus, response time was found to be fastest for BBS and 
crossed disparity and slowest for RDS and uncrossed disparity. Response time was fastest for BBS and 
smaller magnitude disparity and slowest for RDS and larger magnitude disparity.  
 
Overall, the general trend in the step vergence data analysis is that the VPI stereo test of the BBS 
viewing condition seems to have the fastest response time, RDRFS has an intermediate response time, 
and RDS has the slowest response time. Relative convergence has a general trend of having a faster 
response time than relative divergence. Smaller disparities are associated with a faster response time, 
intermediate disparities with an intermediate response time, and larger disparities with a slower 
response time. The near stereoacuity test and far stereoacuity test (Titmus and Distance Randot stereo 
tests, respectively) do not predict performance on the VPI stereo tests. 
 
 
CONCLUSION 
 
The newly developed VPI stereo tests allow a unique opportunity to compare the effects of local and 
global cues in stereopsis. Overall, stereoacuity measured using tests with local only cues (BBS) results in 
lower stereoacuity threshold; global only cues (RDS) yield intermediate level of stereoacuity; a 
combination of local and global cues (RDRFS) leads to higher (poorer) stereoacuity threshold. In 
comparison to the current clinically used stereo tests, the VPI stereo tests provide a finer stereoacuity 
scale and provide comparable results to stereoacuity measured with the commonly used clinical test, 
the Titmus stereo test; although neither test provides disparity magnitude sensitive enough to 
determine an individual’s true stereoacuity threshold for young adults with normal stereopsis. The issue 
of testing threshold can be easily improved for the VPI stereo tests by increasing viewing distance; 
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however, it will require adding additional smaller disparity levels for the Titmus stereo test while 
maintaining the test at near-viewing range. The stereoacuity measured with the VPI stereo tests were 
poorly associated with the only distance clinical stereo test currently available, the Distance Randot 
stereo test. However, the Distance Randot stereo test was also poorly associated with measurements 
from the Titmus Stereo Test, possibly due to the very large disparity magnitude and inherent perceptual 
flaws which leads to poor discrimination among people with regular stereo vision. 
 
Performance in the step-vergence task with local only cues resulted in more accurate and faster 
responses, a combination of global and local cues were intermediate, and global only cues were least 
accurate and slowest; which is consistent with the hypothesis that global only stereopsis requires a 
direct appreciation of depth sensation without any additional local cues that are typically available in 
daily life situations. Neither the Titmus stereo test nor the Distance Randot stereo test is associated with 
the observed response time in step vergence with each of the VPI stereo tests.  
 
In conclusion, the data in this study supports that the Titmus stereo test is the most sensitive test of 
stereopsis ability, the VPI stereo tests have an intermediate sensitivity, and the Distance Randot test is 
the least sensitive at testing fusion ability. Thus, the traditional clinical standard of the Titmus stereo 
test has adequate sensitivity for near stereopsis, whereas the commonly used Distance Randot stereo 
test has inadequate sensitivity in assessing far stereopsis ability in a normal healthy population ranging 
from age 19-43 years without any binocular vision issues. Therefore, the VPI stereo tests are more 
sensitive than the Distance Randot stereo test and less sensitive than the Titmus stereo test at assessing 
fusion ability. It can be argued that these VPI stereo tests can be implemented in any clinic for the 
purpose of assessing stereopsis ability and binocular vision. The equipment necessary for these 
particular BBS, RDS, and RDRFS vision tests is easily obtainable, and the stereopsis test itself is very 
easily administered and much more interactive and engaging for patients. Because there are few 
commercially available stereopsis tests that test depth perception ability at distance, and the Randot 
Distance stereo test presented with subjective complaints from this study’s subjects, the VPI stereo tests 
are a great alternative. With proper manipulation, future versions of this test could potentially allow for 
a convenient, interactive, affordable, and efficient means of testing stereopsis ability at any desired 
testing distance.  
 
Limitations in threshold stereoacuity testing levels and inherent test procedures among the tests may 
have resulted in the dataset not being truly representative of the comparison between these tests. 
Future studies that focus on increasing testing distances of the VPI stereo tests and the Distance Randot 
test will alter the stereoacuity threshold to be similar to that of the Titmus stereo test, and thus may 
alter the overall sensitivity results seen in this present study. Future studies are needed to compare the 
Titmus Stereo test and Distance Randot stereo test to the VPI stereo tests with the same available 
threshold stereoacuity value on a normal population without binocular issues. These tests should then 
be repeated on a population of individuals with binocular vision dysfunctions to assess the sensitivity of 
each test. Future technology and 3D television displays with higher resolution capability can also be 
utilized to improve the resolution ability of the VPI stereo tests; thus improving the stereoacuity 
threshold.  
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Ultimately, properly assessing stereopsis fusional ability in the general public is an important aspect of 
clinical optometry, as depth perception is an integral visual skill that affects daily activities and overall 
function within the world. It can be argued that those with global stereopsis, the highest form of 
fusional ability, will be the most efficient and effective at performing skills such as parallel parking a car, 
watching 3D movies, and catching a fly ball as it falls from a clear sky with limited visual cues to help 
with depth perception. This does not necessarily mean that those with a more limited form of stereopsis 
(local stereopsis) will be unable to perform these tasks, but rather suggests these particular individuals 
may have more difficulty with such visual skills. And those unable to attain stereopsis with even more 
limited fusional abilities such as simultaneous perception, superimposition, and flat fusion will have 
even further difficulty, or even an inability, in performing these daily activities. Stereopsis tests can 
therefore be easily utilized as screening and diagnostic tools for those with depth perception 
complaints.  
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APPENDIX A 
 
Procedure to create an original random dot pattern/image template:  
1. Open Photoshop 
2. File - New - To create a new document 
3. Change “width” to 1920 pixels and “height” to 1080 pixels, then press “OK” 
4. Open the “RanDot” folder on the Desktop and drag the “DiamondFull.png” photo into the blank 
Photoshop document 
 ***OR: Drag in the image that you want to alter to create a 3D image of 
5. Click on the “Move Tool” in the upper left-hand corner, and click “Place” when prompted  
6. Create a new layer by clicking the appropriate button in the bottom right-hand corner 
7. With this new layer highlighted, click “Edit” and select “Fill” 
8. Under the “Contents“ box, select the dropdown menu under “Use“ and select “Pattern“ 
9. Then under “Custom Pattern” select the drop down menu, and choose the “Randot 100 by 142 
pixels, Grayscale mode” pattern, and press “OK”  
 OR: select the same pattern fill as the pattern that you want to use to fill the randot image 
that you have yet to create 
10. Deselect layers “background” and “layer 2” such that only the “DiamondFull.png” layer is selected 
and highlighted 
11. Select the “Magic Wand” tool and click in the black areas of the diamond and each of the 4 circles 
while holding the SHIFT key 
12. When the diamond and all 4 circles are highlighted at the same time, RIGHT click in any of the 
highlighted areas, and select “Layer Via Copy” 
13. Deselect all layers except this new layer created such that only the layer with the black shape on a 
checkered background is selected and highlighted 
14. Click “Edit” and select “Fill” 
15. Under the “Contents“ box, select the dropdown menu under “Use“ and select “Pattern“ 
16. Then under “Custom Pattern” select the drop down menu, and choose the “Randot 100 by 142 
pixels, Grayscale mode” pattern, and press “OK”  
 OR: select the same pattern fill as the pattern that you want to use to fill the randot image 
that you have yet to create 
17. Re-arrange your layers such that the “filled” random dot pattern layer is underneath the new layer 
you just created 
 i.e. Click on the currently labeled “Layer 1” and drag it below the currently labeled “Layer 2” 
18. Make sure BOTH the Layers 1 & 2 are selected such that there is an “eye” next to each, while the 
other two layers (“background” and “DiamondFull.png”) are NOT selected  
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19. Then click “file” and “save as” to save the image you created as a template to later manipulate into 
both a Right eye and Left eye image 
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APPENDIX B 
 
Shortcut for steps 11 to  19 of  “To create a random dot pattern/image template” 
1. Create a new layer by clicking the appropriate button in the bottom right-hand corner 
2. Deselect all layers except “Layer 2”(this is the only selected and highlighted layer) 
3. Open the “RanDot” folder on the Desktop and drag the “RanDot Image” photo into “Layer 2” 
4. Click on the “Move Tool” in the upper left-hand corner, and click “Place” when prompted  
 At this point, select both the “RanDot Image” and “Layer 1” layers such that there is an eye 
next to both layers (the “DiamondFull.png” and “background” layers are NOT selected) 
 Save this file as an original photoshop file that you can edit to make both Right eye and Left 
eye images from it  
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APPENDIX C 
 
Procedure to create a new Custom Pattern on Photoshop: 
1. Find the desired pattern and save as a “png” image 
2. Open a new Photoshop document 
3. Drag the saved pattern into the blank Photoshop document 
4. Click on the “Move Tool” and click “Place” when prompted 
5. Click “Edit” and select “Define Pattern” 
6. Create a name for your pattern, and click “OK” 
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APPENDIX D 
 
Procedure to modify your original random dot pattern/image template:  
1. Open the file that you  named as an original random dot template 
 (i.e. “RanDot Original” as named by my shortcut template already created) 
2. To create a 3D effect for the Right Eye, Open the template file created, and first deselect Layer 2 
such that only Layer 1 is selected 
3. Select the “Quick Selection Tool” in the upper left hand corner, and carefully highlight one circle of 
the image by holding down the mouse and dragging it over the desired area 
4. Click on the “Move Tool” and then click inside the highlighted area of the image 
5. Press the keyboard arrows to move the highlighted image in the desired direction 
 For the Right eye, move the image to the Left for convergence, and to the Right for Divergence 
6. Repeat for each of the other 3 circles, and also for the diamond shape around the circles 
 The pixel numbers that seem to work best are 4 pixels for the circle with the most disparity, and 
2 pixels for 3 of the circles and the diamond 
7. When you are finished modifying the image, reselect Layer 2 such that BOTH Layers 1 & 2 are 
selected before saving the image (NOTE: background layer is NOT selected) 
8. Click “File” and “Save As”, then save created image with a new name including “RE” and pixel # and 
direction of the circle with the most disparity 
 Ex) RanDot RE 4pU 
9. Close the file 
10. Re-open the Original file you created (i.e. “RanDot Original”) 
11. Repeat steps 3 to 10, but make slight changes 
 You are now selecting the same circle within the Diamond to give the most disparity (4 pixels), 
but now you are moving the circles and the diamond in the OPPOSITE direction than in the 
previous steps done for the Right Eye 
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APPENDIX E 
 
Procedure to combine two images to create horizontal disparity:  
1. Open a new blank Photoshop document 
2. Change “width” to 1920 pixels and “height” to 1080 pixels, then press “OK” 
3. Open the “RanDot” folder on the Desktop and drag the “LE image” that you just created into the 
blank Photoshop document 
4. Change the Width “W” from 100% to 50% (at the top of the document, underneath the “Filter” tab) 
5. Click on the “Move Tool” in the upper left-hand corner, and click “Place” when prompted  
6. Click and drag the image to the left half of the document 
7. Repeat steps 27 to 30 for the “RE image” that you created, and drag the image to the right half of 
the document 
8. Deselect the “background” layer such that only the two RE and LE image layers are selected 
9. Click “File” and “Save As” to save this new compound image in a new folder by itself, and change the 
format to a “PNG” format type 
10. Click “save“ and then click “OK” when prompted about PNG options 
11. Open the completed file and test your image on the 3D TV screen 
 
 
